Introduction
Longevity is a special phenomenon of human physiology. For current average human life expectancies are less than a 100 years, the term of ''centenarian'' is invariably associated with longevity. With the development of human society, demand for their longevity grows correspondingly.
The term ''longevity'' means the especially long lived members of a population, while ''life expectancy'' refers to the average number of years remaining at a given age (often at birth) based on the statistical data. The case study of relation of life expectancy (LE) and economic level was initiated by Preston (1975) , which showed the relationship between life expectancy at birth and income as log linear that was called ''Preston curve'' (Bloom & Canning, 2007; Preston, 1975; Rodgers, 2002) . People in more developed regions tend to have higher average life expectancy (UNDP, 2012) . Some studies have involved the relationship between longevity and local socio-economic conditions as well (e.g., Aísa, Clemente, & Pueyo, 2014; Kawata, 2009; Kim, 2012; Wilkinson, 1992) . Those studies provided new insight of the relation of economic growth and health improvements. But the previous researches were almost based on the analysis of life expectancy, not specific age data from census. Nonetheless, those studies have not been sensitive to the spatial and temporal variations of longevity population and their relations to the distribution of economic level.
Since the founding of the P. R. China in 1949, six national population censuses have been conducted in 1953, 1964, 1982, 1990, 2000, and 2010, respectively . A large amount of detailed and accurate data on the number of population in every age category had been obtained. It provides valuable information and a potential basis for investigating the distribution and variation of longevity regions in China. Some studies have analyzed distribution of different age groups of population based on one or two population censuses (Fan, 2006; He, 1986; Lai, 1999; Li, Tan, Wang, & Yang, 2000) , and some have considered longevity from a demographic perspective (Wang, Zeng, Jeune, & Vaupel, 1998; Zeng, Vaupel, Xiao, Zhang, & Liu, 2001; Zeng, 2004) . China has experienced rapid socio-economic development over the past 30 years. But there have been few quantitative and historical studies on the distribution of longevity regions in China and the relationship between regional economic conditions. Among several social-economic indicators, GDP pc is widely accepted as an efficient indicator of per capita economic conditions rather than other social and economic variables. In this study, we collected the six national population censuses and the data of per capita GDP in China, and proposed: (1) the number of centenarians per one hundred thousand inhabitants (CH) and (2) the percentage of the population aged at least 80 years (UOI); (3) the ratio of the population above 90 years of age to the total population above 65 years of age (LI) (Magnolfi et al., 2007) ; (4) life expectancy at birth (LE) as main indicators for longevity (see details in Section 2). Our study mainly focused on the relationship of economic development level (per capita GDP as main index) and the longevity indicators distribution patterns in China. In order to make a specific explanation of the relation, we compared both the contemporaneous and historical GDP data and longevity indicators, by using simple linear correlation (Pearson's r) . A distributed lag model analyses was conducted as well to ensure the full longterm effect is obtained. We also selected several typical provinces with regional longevity, such as Hainan, Gaungxi, Guangdong, Shandong, Henan, and Anhui provinces, elaborating the spatial distribution of high-longevity regions and the potential relationship with GDP pc at county level.
Data and methods

Data sources
Population data were from six national population censuses in China (PCO-DPS, 1993 PSDSSBC, 1988) at provincial level (including province-level autonomous regions and municipalities). We also selected the data of several provinces with high ratio of centenarians (Guangxi, Hainan, Guangdong, Shandong, Henan, and Anhui) from population census data in 2010 at countylevel to discuss the distribution pattern of regional variation of those indicators.
We just collected the data of GDP pc in China at the provincial level from 1980s to 2010, for China had established a national economic accounting system since 1985, thus, the GDP pc data before the 1980s were difficult to compare with more recent data. The specific data of GDP pc at county-level in Guangxi, Hainan, Guangdong, Shandong, Henan and Anhui provinces in 2010 were also collected (SSBA, 2011 (SSBA, , 2012 .
Selection of indexes
The proportion of centenarians was an important indicator of longevity (Poulain et al., 2004; Rosero-Bixby, 2008; Stefanadis, 2010; Willcox, Willcox, Hsueh, & Suzuki, 2006) . In China, main indicators which are widely accepted to identify longevity regions (administrative region with population more than one hundred thousand people) include: (1) the number of centenarians per one hundred thousand inhabitants (CH); (2) a regional average life expectancy at birth (LE); (3) the percentage of the population aged at least 80 years (ultra-octogenarian index, UOI) (GSC, 2006) . Another additional important indicator is the longevity index (LI), defined as the ratio of the population above 90 years of age to the total population above 65 years of age (Magnolfi et al., 2007) .
Assessment of reliability and accuracy of demographic data
The national population census in 1953 was the first official national census by P. R. China though it was quite simple and the data of remote minority were obtained by indirect survey (Cressey, 1955; Shabad, 1959) . The results of the second census in 1964 were not published until the early 1980s. Nevertheless, the accuracy of the first two national population censuses in 1953 and 1964 was questioned by some researchers (Aird, 1982; Kirkby, 1985) , but these data still have historical value for reference. China's first highquality population census was launched in 1982, with the assistance of the United Nations Population Fund, and the reliability of the data had been recognized by some scholars and organizations (Aird, 1982; Banister, 1984; Kirkby, 1985; Peiris, 1986) .
It should be noted that the accuracy of longevity population data of Xinjiang Autonomous Region in 1953 Region in , 1964 Region in , and 1982 is questionable, especially for the centenarian's numbers. The gap between verified ages and self-reported ones by ''centenarians'' in Xinjiang was large (Coale & Li, 1991; Li, 1989) which does not meet the requirements as a factual basis to study. However, considering data integrity, the data of Xinjiang was still presented in Table 1 . Data of Xinjiang in 1953 , 1964 , and 1982 are only for reference in this article.
Statistical analysis
We calculated the longevity indicators (CH, UOI, and LI), respectively, and the LE was calculated by using the method given in Gompertz (1825) -for each province in the census years 1953, 1964, 1982, 1990, 2000, and 2010 . The same data set was analyzed using two different statistical tests, namely analysis of correlation coefficients (Pearson's r) and distributed lags time series analysis. The latter method is able to identify a delayed relationship between longevity indicators and GDP pc . The analysis of correlation coefficients was conducted by using SPSS 17.0. The distribution maps (Figs. 1, (3) (4) (5) were drawn by using Arc GIS Geographic Information Systems software version 10.0 (Environmental Systems Research Institute Inc., Redlands, CA). Statistical significance was set at P < 0.05.
Simple linear correlation (Pearson's r)
Pearson correlation coefficient (Pearson's r) is a measure of determining the extent linear correlation between two variables, and it gives a value between À1 and +1 inclusive (Pearson, 1895) .
Distributed lags time series analysis
Distributed lags time series analysis is a useful dynamic regression to examine the relationships between variables with some delay of time (Erdeljić et al., 2011) . The simplest method to express the relationship between a dependent variable (y) and an independent variable (x) is based on a simple linear relationship as following equation:
In Eq. (1), the value of the dependent variable (y) at time t is expressed as a linear function of x at times of t, t À 1, t À 2, etc. It means that the independent variable (x) is lagged by time periods of 1, 2, etc. Based on real data in this study, we chose the lag period as two (ca. 20 years). China (1953 China ( -2010 During the first two censuses in 1953 and 1964, the provinces with the highest CH values were in western China whereas the four provinces with the lowest values were in eastern China, demonstrating clear regional differentiation (Fig. 1 No LE values at provincial level were available from the first two censuses (1953 and 1964) in this study due to the limitations of the statistical data. From the existing data, it was obvious that the western parts of China display more significant and stable differences compared to the eastern parts. Owing to a high standard of public healthcare and a low rate of infant mortality, the LE of residents of Shanghai, Beijing and Tianjin exceeded that of residents of other Chinese provinces. In contrast, most of the provinces with the lowest LE values (Tibet, Xinjiang, Qinghai, Guizhou) are in the west of China, where health care standards are poor.
Results
Interprovincial distribution and variation of CH, UOI, LE, and GDP pc in
Pearson's r and lag time series analysis of longevity indicators and GDP pc at provincial level
As can be seen from the maps showing the distributions of various longevity indicators (Fig. 1) (Table 2 ). Pearson's r between UOI and GDP pc were respectively 0.396, 0.652, 0.626, and 0.478, and those between LE and GDP pc were respectively 0.504, 0.614, 0.749, and 0.789. These indicate a significant positive correlation between UOI and GDP pc , and between LE and GDP pc . On the contrary, there is no evidence that either CH or LI correlate significantly with GDP pc (Table 2 ). It is remarkable that Guangxi and Hainan have always maintained high CH values across several censuses despite their relatively low GDP pc . Conversely, Inner Mongolia has a low CH value, but a high GDP pc (Fig. 2) . However, some areas with high GDP pc , such as Guangdong, also have relatively high CH and LI values.
Beijing and Shanghai, which both have relatively small proportions of native residents in large populations, have displayed high values of UOI, LE and CH during the last three censuses. These metropolitans are characterized by a highest level of socio-economic development than other regions of China. In all probability, they are similar to the longevity in developed countries, which are related to high socio-economic levels and have less regional features.
Distributed lags analysis showed a significant temporal effect (ca. 20 years) of GDP pc on UOI and LE (Table 3) . However, changes of GDP pc did not yield significant changes of CH and LI. It indicates that the economic level has been making a lasting impact upon UOI and LE. Contrarily, the economic condition has no significant relation with CH and LI based on contemporary and historical data.
Variation of longevity indexes (CH, UOI, and LE) and GDP pc in typical provinces in 2010
We analyzed the distribution and variation of longevity indexes (CH, UOI, and LE) and GDP pc at inner-provincial scale (Figs. 3-5) including Guangxi, Hainan, Guangdong, Shandong, Henan, and Anhui for representing the regional longevity phenomenon. Guangxi and Hainan are highest in CH values in China and longevity indicators in Guangdong, Shandong, and Henan rank at the national forefront as well.
High-CH counties or cities are clustered in northwestern and eastern margin of Guangxi, in which Bama (35.61), Donglan (31.45), and Fengshan (28.49) counties in Hechi Prefecture have the highest CH values (Fig. 3A) . And high-UOI counties or cities are more concentrated in Yulin, Guilin, Laibin, and Nanning Prefecture, in which Beiliu (2.77), Yangshuo (2.43), Long'an (2.38), and Lipu (2.36) have the highest UOI values (Fig. 3A) . The GDP pc of counties and cities in Guangxi is consistent with the LE distribution that high values show a pattern of zonal distribution from north to south in central of Guangxi (Fig. 3B) . Low-GDP pc regions and low-LE regions were mainly distributed in western Guangxi, such as Bose and Hechi Prefectures (Fig. 3B) . CH value in Hainan province (36.93) ranks the highest in China according to data from sixth national population censuses in China, 2010. High-CH counties such as Linmai (36.93) and Chenggao (31.04) are located in the northern coast of Hainan Island, and low-CH areas are located in central and southern islands (Fig. 3C) . Variation of UOI is also evident, showing the eastern part is higher than the mid-western of the island (Fig. 3C) . The distribution pattern of GDP pc decreases from coastal areas to inland areas. For example, Sanya City in south coast of the island and Haikou City, the provincial capital, in the north coast are economic centers of the island (Fig. 3D) . LE has the similar distribution pattern to GDP pc , which shows the decline from the coastal areas (except for Sanya City) to the middle of the island (Fig. 3D) .
High-CH values in Guangdong are mainly concentrated in the northeast region and northern regions, such as Meizhou (14.18), Pingyuan (12.17), Jiaoling (12.14), and Jiexi (10.90), which shows increasing trend from the Pearl River Delta to the marginal areas of the province (Fig. 4A) . The distribution pattern of UOI is similar to that of CH, which shows that northeastern, northern and western parts are higher than the Pearl River Delta (Fig. 4A) . However, the Fig. 2 . Variations of CH (the number of centenarians per one hundred thousand inhabitants), LI (the ratio of the population above 90 years of age to the total population above 65 years of age), UOI (the percentage of the population aged at least 80 years), and LE (life expectancy at birth) between successive population censuses, and contemporaneous GDP pc of mainland China at provincial level. variation of GDP pc shows a decreasing trend from The Pearl River Delta to the marginal areas of the Guangdong province (Fig. 4B) . Areas with high-LE values are mainly located in the Pearl River Delta, southwestern, eastern (Chaoshan Prefecture), northeastern (Meizhou Prefecture), and northern (Shaoguan Prefecture) of the province (Fig. 4B) . The CH value of Shandong Province is considerably high in northern China, and its differentiation is distinct. High-CH areas are in Heze and Jining prefectures in the southwest Shandong and in Laizhou city of Shandong Peninsula, such as Shanxian (11.29), Jinxiang (10.88), Yutai (10.52), and Laizhou (10.30) are the highest areas (Fig. 5A) . High-UOI areas are concentrated in the Shandong Peninsula. Most of low-UOI areas are located in the north of Yellow River and central part of the province (Fig. 5A) . Regions with high GDP pc are mainly located in the northern coast of the Shandong Peninsula and in the Yellow River Delta. Areas of southwestern Fig. 3 . Distribution of the number of centenarians per one hundred thousand inhabitants (CH), the percentage of the population aged at least 80 years (ultra-octogenarian index, UOI), regional average life expectancy and per capita GDP (GDP pc ) in Guangxi Autonomous Region (A and B) and Hainan Province (C and D). Fig. 4 . Distribution of the number of centenarians per one hundred thousand inhabitants (CH), the percentage of the population aged at least 80 years (ultra-octogenarian index, UOI), regional average life expectancy and per capita GDP (GDP pc ) in Guangdong Province.
plain and central mountain area have considerably low GDP pc (Fig. 5B) . High-LE regions are scatteredly distributed and are mainly found in the major cities and the southwest part of the province (Fig. 5B) .
High-CH regions in Henan province are mainly concentrated in the eastern part, such as Yongcheng (19.99), Xiayi (17.26), Ningling (16.62), and Fengqiu (12.91) (Fig. 5A) . High-UOI regions are mainly located in the middle of the province (Fig. 5A) . Areas with high GDP pc are mainly in regions from Zhengzhou city to the western part of Henan. The eastern and southern parts are relatively low GDP pc (Fig. 5B) . Since the lack of original data of death population, only prefecture-level data could be calculated. From the perspective of overall distribution, mid-western Henan is higher than northern, southern and eastern part of the province (Fig. 5B) .
The differentiation of CH values and UOI values in Anhui province is quite distinct. High-CH areas are in Bozhou, Huaibei, and Suzhou prefectures in the north of Anhui and Dangshan Fig. 5 . Distribution of the number of centenarians per one hundred thousand inhabitants (CH), the percentage of the population aged at least 80 years (ultra-octogenarian index, UOI), regional average life expectancy and per capita GDP (GDP pc ) in Shandong, Henan, and Anhui Provinces, ''SHA'' longevity region.
(11.74), Xiaoxian (11.05), Woyang (10.81), and Bozhou (9.15) as the highest counties (Fig. 4A) . High-UOI areas are concentrated in north of the province as well, but low-UOI are more in the southwestern part and the areas along the Yangtze River. Regions with high GDP pc are mainly located in the Yangtze River region and Hefei city, the capital of Anhui province, but northern plain areas have considerably low GDP pc (Fig. 5B) . High-LE regions are scatteredly distributed and are mainly found in the major cities in Anhui (Fig. 5B). 3.4. Spatial distribution correlations between GDP pc and longevity indexes at county level in typical provinces in 2010
The distributions of LE in these five provinces analyzed above show consistent trend (significant positive correlation) with the distributions of GDP pc (Table 4) . However, the distribution of UOI did not show the similar trend of GDP pc . It exhibits the negative correlation with GDP pc in Gaungxi, Guangdong, Henan, and Anhui provinces. The distribution of CH remarkably yields negative relationship with GDP pc as the distribution of UOI. The innerprovincial analysis shows a significant correlation between LE and GDP pc , which is the same as interprovincial analysis before. High-CH and high-UOI areas do not have the positive correlation with GDP pc .
Discussion
Longevity is the consequence of complex contributions such as living environment, health care condition, lifestyle, dietary, heredity, and psychological factors (e.g., Borisenkov, 2011; Candore et al., 2006; Christensen & Vaupel, 1996; Liu et al., 2014; Ljungquist, Berg, Lanke, McClearn, & Pedersen, 1998) . It shows that genetic factors may account for approximately 20-30% of the overall variation in adult lifespan (Hjelmborg et al., 2006) . The rest of the variation may be partially attributable to individual behavior, and to environmental and bio-demographic factors (e.g., Foster & Zhang, 1995; Liu et al., 2014; Lv, Wang, & Li, 2011; SchulzAellen, 1997; Vaupel et al., 1998) . Longevity regions in China, such as Hainan, Guangxi in southern China and Xinjiang in northwestern China, are even puzzling but attracting. Those longevity regions share different economic level.
This study exhibits different distribution and variation patterns of longevity indicators at provincial level in China. High-CH and high-LI areas maintain relatively stable pattern across various population censuses from the perspective of temporal variation, but UOI and LE exhibit less stable patterns, which change over time. The spatial distributions of high-UOI and high-LE areas are obviously affected by GDP pc , but the areas of high-CH and high-LI show continuously stable features that lack any significant correlation with GDP pc . Distributed lags analysis showed a significant temporal effect (ca. 20 years) of GDP pc on UOI and LE which indicates that both contemporaneous and historical economic levels may influence UOI and LE. However, historical changes in GDP pc did not yield significant changes in CH and LI. At the level of the interior in a province, high-CH and high-UOI areas have no significant correlation or have a negative correlation with GDP pc . Preston (1975) proposed a possible relation between economic level and human lifespan, that is, further increases of income were associated with relatively large gains in life expectancy at low levels of economic conditions, while increased income had little relation with the variation of life expectancy at high income levels. From the Preston curves, based on the data of cross-country in the world in 1982, 1990, 2000, and 2010 , respectively, it can be drawn that the relationship of GDP pc and LE keeps a similar trend over time changes from 1980s to 2010. The shape of the curves of the world did not change obviously in the corresponding period ( Fig. 6A-D) , whereas the increasing trend of the impact of GDP pc on life expectancy of China can be observed, that is, the data points Fig. 6 . The Preston curves of the world (A-D) and China (E-H), by using cross-country and cross-province data for 1982, 1990, 2000, and 2010 , respectively. The raw data of world GDP per capita and life expectancy at birth are from World Bank Open Data (http://data.worldbank.org/). The x-axis shows GDP per capita in US dollars or China Yuan, the y-axis shows life expectancy at birth. Each dot represents a particular country in the world or province in China. move to the right of the curve obviously (Fig. 6E-H) . It provides another evidence for that the spatial distributions of LE are obviously affected by GDP pc in China.
The findings of our study may indicate the relation between human lifespan and economic level. LE and UOI, which are demographic index and individual index, respectively, both exhibit significant positive correlation with GDP pc , which indicates the improvement of economic development on human health. Higher economic level (indexed by GDP pc in this paper) is always related with better living conditions and more public health investment. Numerous studies and reports take a bright view of the growth prospects of human lifespan (Meyer, 2012; Oeppen & Vaupel, 2002; UNFPA, 2012) . This trend on the health issues of long-lived people and related regional socio-economic impacts need sustained attention. China has experienced exceptional economic development during the last 30 years, which greatly enhanced Chinese population health. However, the differentiation distribution of UOI and LE values in China exhibits the ''east-high and westlow'' feature, which matches the economic level, that includes the regional disequilibrium of public health investment. To narrow this huge gap between the east and the west, efforts in construction of public health resources in western China is urgently needed. Meanwhile, the indicators of CH and LI, which lack significant correlation with GDP pc , do not show the similar pattern as LE and UOI at the provincial level in China. Although the concept of life expectancy differs from life span, the trend showed in Preston curve is consistent with our results, that is, economic conditions may have limited influence on human longevity, especially for those who live longer than 90 years old. It can be inferred that areas with high proportion of centenarians and relatively low economic level may be attributed to natural and physiological factors rather than economic conditions. It still needs further specific study on the relation of human life span, economic level and other factors.
Conclusions
In sum, our results indicate mixed distribution patterns of the four longevity indexes (CH, LI, UOI, and LE) and different relations with GDP pc . The indexes of UOI and LE exhibit significant positive correlation with GDP pc , whereas areas with a high ratio of longlived population (high CH and LI) show continuously stable features that lack any significant positive correlation with GDP pc both at provincial and inner-provincial level across Chinese population censuses . In terms of spatial and temporal variations, the economic development (e.g., medical level and living standards) may favor the local residents to have access to live as old as 80 years old, but it is still difficult for many to reach the level of centenarians.
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